Background: The recommended timing of surgical intervention for vertebral osteomyelitis (VO) is controversial; however, most studies are not sufficiently powered. Our goal was to investigate the associated effects of delaying surgery in VO patients on in-hospital complications, neurologic deficits, and mortality.
INTRODUCTION
Vertebral osteomyelitis (VO) is a rare spine infection often developing from open spinal trauma, infections in adjacent anatomic structures, or hematogenous spread of bacteria or as a postoperative complication to spinal surgery. [1] [2] [3] [4] Although VO remains uncommon, with yearly rates of 5 to 20 cases per million in the United States, its incidence is increasing. 3, [5] [6] [7] This is believed to be attributed to the increase of patients with advanced age, diabetes mellitus, chronic renal or liver disease, intravenous drug use, HIV infection, chronic corticosteroid use, chemotherapy, and severe trauma-all predisposing factors to VO. 8, 9 Since 1974, the incidence has nearly doubled from 0.2 to 2 cases per 10 000 hospital admissions to 2 to 3 cases per 10 000 hospital admissions, [10] [11] [12] with a 20-fold-higher incidence in older patients. 13 If left untreated, VO can lead to irreversible spinal cord injury, deformity, neurologic deficits, septicemia, and mortality (mortality rates ranges 4%-29%). 4, 14 VO is traditionally treated conservatively with antimicrobial therapies, but up to 40% to 50% of VO patients suffering will eventually require surgical intervention. 4, 15 VO surgical intervention is indicated when patients express progressive loss of motor and/or neurological functions, cauda equine syndrome, progressive deformities, spinal instability, abscess formation, and delayed diagnosis. Failure of conservative treatment categorized as persistent pain, residual neurologic deficits, and systemic inflammation/infection also warrants surgical intervention. While clinicians have agreed on surgical indications for VO, a persistent area of controversy is the optimal timing of surgery that most benefits the patient.
14 Prior studies report conflicting findings: Ghobrial et al 16 in 2014 and Connor et al 18 in 2013 reported a relative advantage to earlier surgical intervention with regard to discharge neurological status, while Adogwa et al 17 in 2014 and Karikari et al 10 in 2009 reported no statistical benefit from early surgical intervention on postoperative outcomes. While these studies present relative insight into the timing of surgical intervention, they are limited by small sample sizes (82-104 patients), minimal subgroup analysis, and institutional bias.
This study evaluates the outcomes of early (, 24 hours) versus delayed surgical treatment of VO using a large nationwide inpatient database. Our study also aimed to investigate the demographics, comorbidities, socioeconomics, and prevalence of multiple complications associated with variant surgical timing of the VO patient population.
MATERIALS AND METHODS

Data Source
This is a retrospective review of the National Inpatient Sample (NIS) from 1998 to 2013. The NIS is the largest available all-payer database for US inpatient care and includes data approximating 8 million discharges from 1000 hospitals annually. Forty-five states are represented in the NIS, with approximately a 20% stratified random sample of all US community hospitals. The Health Care Cost and Utilization Project provides support for the NIS, with further support coming from federal, state, and industrial partnerships. The NIS presents clinical, demographic, diagnosis, and procedural data elements in the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) format. More information can be found at http://hcup-us.ahrq.gov/db/nation/nis/ NIS_Introduction_2012.jsp. This study was deemed exempt by our institutional review board due to the deidentified nature of the data.
Inclusion Criteria
Patients of all ages who underwent surgical treatment for VO from 1998 to 2013 were identified. ICD-9 codes identified patients who underwent surgery for VO. Patients were then stratified based on procedural delay into 6 groups: 0 days (same day as admission surgery), 1 day, 2 days, 3 to 6 days, 7 to 14 days, and 14 to 30 days. Patients with delays . 30 days, representing less than 0.1% of the total subset, were excluded due to wide variability in surgical delays often related to the presence of significant comorbidities.
Data Collection
Demographics, including age, gender, race, length of hospital stay, total charges, comorbidity status, and insurance type, were analyzed. The Deyo-Charlson Index, a modification by Deyo et al 19 of the Charlson comorbidity severity index for the utilization of ICD-9-CM diagnostic and procedural codes, was used to describe comorbidity severity within our cohorts. The comorbidities assessed in this study and included within the index were myocardial infarction, congestive heart failure, pulmonary vascular disease, stroke, dementia, chronic pulmonary disease, rheumatological conditions, peptic ulcer disease, liver disease, diabetes, diabetes with complications, renal disease, cancer, severe liver disease, metastasis, and AIDS. Subsets of VO surgical patients were investigated by the method of surgical approach (anterior, posterior, and combined anterior/posterior) and the spinal level (cervical, thoracic, lumbosacral) of the operation. Perioperative surgical and medical complications were identified and further classified into the following subsets: the top 3 most common complications, rate of any complications, and mortality. All elements were identified using ICD-9 codes (Appendix A).
Neurologic Index
A neurologic index was created using the design of the American Spinal Injury Association (ASIA) impairment scale as a reference. Numerical scores between 0 and 2 were assigned to patients with corresponding neurological deficits. A score of 0 was assigned to patients without any neurologic Vertebral Osteomyelitis deficits (ASIA grade E), a score of 1 to patients with incomplete neurologic deficit (ASIA grades B-D), and a score of 2 to patients with complete neurologic deficit (ASIA grade A). Incomplete neurologic deficits include paraplegia (upper or lower), radiculopathy, myelopathy, cauda equina syndrome, and spondylosis with compression. Complete neurologic deficits include quadriplegia and complete paralysis.
Study Design and Statistical Analysis
Descriptive analysis was used to analyze the demographics and comorbidities. Trends of sameday surgeries and delayed surgeries between 1998 and 2013 were plotted. Varying surgical groups were compared via univariate analysis. Independentsample t tests and 1-way analysis of variance elucidated significant variation in age, Deyo-Charlson Index, total hospital charges, and length of stay. Chi-square tests evaluated variations in patient distribution between the surgical delay groups with regard to demographic data (insurance, race, gender) as well as surgical information (complication type, complication rates, spinal level, surgical approach, neurologic index). Three binary multiple logistic forward stepwise regression models were generated to identify independent predictors of any complication, mortality, and neurologic index . 0. Models controlled for age, gender, Deyo-Charlson score, and surgical approach. The level of significance was set to P , .05. Statistical analyses were performed using IBM SPSS Statistics 23.
RESULTS
Trends of Surgical Timing
Since 1998, the incidence of patients undergoing surgical treatment has drastically increased. In 1998, 1243 patients underwent surgical intervention. Since then, there has been an incremental increase to 3155 patients undergoing surgical treatment in 2013. The prevalence of VO patients undergoing same-dayadmission surgeries decreased from 61.5% in 1998 to 42.5% in 2013, while the prevalence of VO patients undergoing surgical delays has increased. In 1998, patients with 3 to 6 days of surgical delay had a rate of 8.4%, which increased to 17.7% in 2013 ( Figure 1 ). Of all years examined, 2013 showed the highest prevalence of patients undergoing surgery with a 1-day delay (14%), 2-day delay (9.2%), and 3-to 6-day delay (17.7%) ( Figure 1 ).
General Analysis Between Surgical Delay Groups
A total of 34 465 patients fulfilled the inclusion criteria for this study. Patients undergoing same-day surgery had a mean age of 53.48 years. Mean age increased incrementally in successive surgical delay groups (7-14 days: 61.05 years), apart from patients with 14-to 30-day delays (60.22 years). Same-daysurgery patients had a significantly lower DeyoCharlson Index (0.49) than those with surgical delays as short as 1 day (1.08). Further, the DeyoCharlson Index increased in every successive surgical delay group. The proportion of black and Hispanic patients increased in successive surgical delay groups. The prevalence of those with Medicare (same day: 29.3% vs. 14-30-day delay: 51.2%) and Medicaid (same day: 6.1% vs. 14-30-day delay: 16.2%) increased in successive surgical delay groups. The variations between surgical groups for all demographic variables tested were statistically significant (P , .001) ( Table 1) .
The most prevalent comorbidities identified in same-day-surgery patients were diabetes (12.9%), chronic pulmonary disease (11.9%), and myocardial infarction (2.2%). All investigated comorbidities showed significant increases in prevalence with successive surgical delay (P , .001). Comorbidities Figure 1 . Trends in same-day surgeries and surgical delays for vertebral osteomyelitis (VO) patients from 1998 to 2013. The y-axis percentages represent the prevalence of patients in a specified surgical group in relation to the total amount of surgical VO patients for each corresponding x-axis year.
that were most prevalent in the 14-to 30-day-delay group included congestive heart failure (14.8%), renal disease (14.8%), diabetes with complications (7.9%), cancer (6.4%), and stroke (4.0%) ( Table 2 ).
In-Hospital Perioperative Outcomes of Patients With Varying Surgical Delays
Patients in all groups were more likely to undergo posterior-only approaches (range: 41.7%-48.4%). In comparison to surgically delayed patients, sameday-surgery patients had higher anterior-only approach rates (same day: 42% vs. 7-14-day delay: 24.6%, P , .05). Surgically delayed patients were more likely to undergo combined approaches (same day: 9.1% vs. 14-30-day delay: 31.5%, P , .05). The lumbosacral region had the highest operative rates among all groups (range: 41.6%-62.8%). Cervical procedures were most prevalent less delayed groups (same day: 32.6%, P , .001), while thoracic procedures were most prevalent in surgically delayed patients (14-30-day delay: 34.6%, P , .001) ( Table 3) .
Anemia was the most common complication in same-day-surgery patients (6.1%). Infection was the most common complication in patients with 1-day delay (7.9%). Subsequently, each successive surgical delay group had sepsis as the most common complication (range: 8.2%-19.3%). Mortality in same-day-surgery patients was 0.3%, with successive surgical delay groups experiencing increased mortality rates, peaking at 5.5% (14-30-day delay, P , .001). The occurrence of any complication progressively increased from 16.7% (same day) to 42.5% (14-30-day delay, P , .001). At discharge, same-day-surgery patients had a 7.2% rate of incomplete neurological deficits. Surgically delayed patients showed significantly higher rates of incomplete neurologic deficits (range: 11.5%-14.7%, P , .001) at discharge. Rates of complete neurologic deficit also showed significant variation among groups, with a higher prevalence in delayed groups (14-30-day delay: 0.4%, P , .05) ( Table 4 ). Regression models revealed that all surgical delay groups ! 1 day were the strongest predictors of complications, mortality, and a neurologic index . 0. The most significant independent predictor of the occurrence of any complication was a surgical delay of 14 to 30 days (B ¼ 
DISCUSSION
Trends over the past 2 decades have shown a progressive increase of incidence in VO.
3,5-7 Elderly patients are particularly at risk, 13 and with the US annual increase in life expectancy, 20 VO has become an increasingly relevant concern for health care providers. VO's high operative and mortality rates 4,14,15 pose a need for more information concerning surgical treatment and perioperative outcomes. Currently, the recommended timing of surgical intervention for VO patients is very controversial.
This study found that VO patients who underwent surgery after 24 hours of admission had higher chances of mortality, being discharged with an impaired neurologic status, and having any type of perioperative complication. Specifically, there were higher rates of sepsis, anemia, and recurrent infection in surgically delayed patients. These patients were also more likely to have a combined anterior-posterior surgery and less likely to undergo an anterior approach. Surgeries were more likely to be performed at the thoracic than cervical level in surgically delayed patients. Demographically, our results indicate that surgically delayed VO patients were more likely to be older, male, black or Hispanic, and on Medicare or Medicaid and to have increased total hospital charges. Patients experiencing surgical delays predictably had higher Deyo-Charlson scores and increased comorbidity rates. While the Deyo-Charlson score was shown to be a significant predictor of adverse outcomes, controlled regression models showed that surgical delay of any degree most greatly predicted mortality, impaired neurologic status, and the chance of developing any complication. This reduces the confounding nature of the association between the This study is the first to review a large VO cohort, derived from a nationwide database, to delineate associated effects of surgical delay. Comparatively, the majority of papers investigating surgical indications and treatment outcomes for VO patients have cohorts ranging between 10 and 300 patients. Previous studies by Miller et al, 21 Adogwa et al, 17 Kothari et al, 22 Arnold et al, 23 and Mavrogenis et al 24 all had cohort sizes of 50, 82, 16, 94, and 13 patients, respectively. Of the few studies that did use large database cohorts, such as Akiyama et al 25 (n ¼ 7118), none investigated the effects of delayed surgical treatment. Previous studies focusing on the timing of surgical intervention, such as Ghobrial et al, 16 reported that surgical evacuation of abscess within 24 hours of admission showed a relative advantage to discharge neurologic grade in comparison to delayed surgical patients. The findings of Connor et al 18 strongly support immediate surgical decompression, combined with appropriately tailored antibiotic therapy for optimal neurologic outcomes. Alternatively, studies such as those by Karikari et al 10 and Adogwa et al 17 reported no benefit to early surgical intervention for abscess removal.
Despite the controversial nature of our findings, the mortality rates presented in our cohort (which range between 0.3% and 5.5%) seem to be relatively more consistent than the majority of reports in the literature. Akiyama et al, 25 McHenry et al, 26 Grammatico et al, 7 Hutchinson et al, 27 and Mylona et al 1 reported in-hospital mortality rates of 6%, 11%, 3%, 27%, and 6%, respectively. The slightly lower rates observed in our cohort may be an implication of our VO patient population being limited to surgical candidates only. Miller et al 21 (n Table 5 . Demographic information, surgical delay, and characteristics of surgery as independent predictors of any complication, mortality, and neurologic index. ''-'' indicates that the variable failed to enter the regression model. Bolded cells with an asterisk represent a significance of P , .05. For the majority of patients, anterior vertebral elements are most commonly involved with infection, while posterior elements are affected mainly in patients with advanced infection. In general, most authors advocate anterior procedures for extensive disc and vertebral body debridement in that early surgical patients, who may be in better health and of higher bone quality, may not need the additional stabilization provided by the posterior approach. 5 Arnold et al 23 observed that in patients with successful surgical treatments, 32% had an anterior approach, 24% had a posterior approach, and 44% had a combined approach. Pourtaheri et al 29 observed that in patients with instrumented surgical treatment, 58% had an anterior approach, 13% had a posterior approach, and 29% had a combined approach. While our rates for the anterior approach seem to align with previous literary reports, our high posterior-approach rates seem to be discrepant. This may be explained by the belief that the posterior approach is associated with fewer overall postoperative complications 30 regardless of higher wound infection rates.
31 Cohort size differences and/or surgeon preference of smaller studies may also be to blame. Our data also showed that combined surgical approach rates incrementally increased with further delay of surgery. This may be attributed to the complexity of the procedure that typically requires a 2-stage operation with extensive planning. 14 We also found a higher prevalence of surgically delayed VO patients with Medicare and Medicaid insurance. Previous studies have indicated that patients on Medicaid have a hindered access to health care, 32 longer and more costly hospitalizations, 33 and higher rates of delayed cancer diagnosis, resulting in higher mortality rates, 34, 35 and are less likely to receive cancer-directed surgery 36 in comparison to privately insured patients. If these trends hold true for patients with VO, delay of diagnosis and health care providers' reluctance to provide surgical care is extremely detrimental to a patient suffering from VO. Timely diagnoses and earlier surgical care may reduce inpatient length of stay, decrease total hospital costs, lower mortality rates, and improve a patient's overall quality of care. Effectively, Furlan et al 37 provided an economic cost-utility analysis for patients undergoing early versus delayed surgical spinal cord decompression. They found that early surgical decompression was more cost effective and resulted in improved patient's quality of life in comparison to delayed surgical decompression.
Information is needed with regard to the causative factors that are at play in patients receiving surgical treatment for VO. While the NIS is one of the largest health care databases available, there are confounding variables that are neither identifiable nor controlled for. For example, patient frailty may play a significant role in surgical decision making and influence the decision to delay a surgical procedure. While frailty indexes have been developed for other large databases, such as the National Surgical Quality Improvement Program, 38 to the best of our knowledge, no previous frailty measures have been validated for use on the NIS, most likely due to a lack of specificity among clinical metrics. The use of ICD-9 codes also limits our ability to determine causation of outcomes. Further, the NIS includes only inpatient data, without outpatient claims, follow-up, and patient-reported outcomes. This is an important limitation to consider, specifically with the usage of the Deyo-Charlson Index. The Deyo-Charlson Index, which includes only data from the inpatient setting, may not include important comorbidities that are recorded on outpatient claims, creating a misrepresentation of a patient's true comorbidity severity. 39 The NIS database also lacks specific information regarding the patient's clinical course and operation. Finally, this paper does not detail the varying organisms responsible for infection, which may have a profound effect on outcomes. Further information on patient history, clinical course, and follow-up outcomes is needed to create a complete understanding with regard to the management of VO.
CONCLUSION
This study explores the associated effects of surgical delays in patients with VO. Using a nationwide database, the prevalence of various outcomes in VO patients who underwent early versus delayed surgical procedures was compared. Patients with surgical delays were more likely to have higher mortality rates, develop any complication, or discharge with neurologic deficits. Surgically delayed patients were also more likely to have a greater length of stay and higher total hospital charges. Medically fit patients may benefit from earlier surgical management in order to reduce risk of postoperative complications, improve outcomes, and reduce overall hospital costs.
